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A  COMPARATIVE STUDY OF DYSENTERY AND DYSEN- 
TERY-LIKE  ORGANISMS. 
BY JOHN  C.  TORREY,  PH.D. 
(From  the  Department  of  Experimental  Pathology,  Cornell  University  Medical 
College, New York City.) 
PART  I.--BACILLI PRODUCING  A  TYPICAL  REACTION  IN  LITMUS 
MILK. 
The general purpose of the following paper is  to  give an ac- 
count  of  the  many small,  but  perhaps  important  biochemical 
differences, which one encounters in the examination of a  large 
number  of  cultures of  Bacillus dysenterim, isolated from cases 
of summer  diarrhoea  in  infants.  Over  one  hundred cultures 
from  twenty-two cases  have  been carefully studied as regards 
their fermentative and agglutinative properties. 
During the past few years the presence of this organism has 
been reported in this country in several hundred of these cases, 
for the  most part  by investigators connected with the  Rocke- 
feller Institute.  The aim has been to isolate this bacillus from 
as many cases as possible, mild as well as severe.  Such success 
has attended these efforts that we know that bacilli resembling 
the dysentery organism may be recovered from even the mildest 
cases of summer diarrhoea in infants, if the search be sufficiently 
diligent and the technique good. 
With  a  few notable  exceptions,  however, the  organisms iso- 
lated  from these  cases  have  been  subjected  to  tests  sufficient 
merely to  place them in the dysentery class,  either within the 
group which does or that which does not split mannit.  Bacilli of 
the former group have been found to occur far more frequently 
than those of the latter, in fact more than 9  °  %  of the organisms 
that have been isolated split mannit with the production of acid. 
Although the mannit test is without doubt the most fundamental 
in the classification of dysentery bacilli, still there are a number 
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of minor varieties of this  family which can be  discovered only 
by  employing other  fermentation tests.  The  "Y"  bacillus  of 
Hiss and Russell and the organism splitting dextrose, mannit, and 
saeeharose, but not dextrin and maltose, furnish examples of these 
variations.  It  seemed  desirable,  accordingly,  to  save  all  the 
cultures isolated from a  series of eases for a more exhaustive ex- 
amination than could be given at the time of isolation.  These 
cultures have been brought in  line  as  far as  possible  with  the 
recent classification of Hiss  ('o4).  He has divided the dysentery 
family into the following groups: 
Group I.--Ferments dextrose ; represented by" Shiga" culture. 
Group  II.--Ferments  dextrose  and  mannit;  represented by 
"Y"  culture. 
Group  III. -- Ferments  dextrose,  mannit,  and  saccharose; 
represented by "Strong" culture. 
Group IV.--Ferments dextrose, mannit, maltose, dextrin, and 
saccharose ;  represented by "Plexner-Manila" culture. 
Although this classification holds good in the main, a  number 
of  organisms  were  encountered which  occupy,  so  far  as  their 
fermentative and  agglutinative  characters are  concerned, inter- 
mediate  positions  between the  last  three  groups;  in  fact  one 
is  forced  to  the  conclusion  that  the mannit-fermenting forms 
are for the most part very unstable and capable of varying along 
many diverse lines. 
In the recent report from the Rockefeller Institute, Dural and 
Shorer have noted the occurrence of mixed infection by both the 
mannit  and  non-mannit  fermenting bacilli  in  six  cases  of  in- 
fantile diarrhoea,  and  Dural  and  Gay found similar mixed in- 
fections  in  adults.  Bearing  this  possibility  in  mind,  careful 
consideration was given to the degree of diversity of all the cul- 
tures isolated from each case, which varied in number from one 
to sixteen. 
In view of the excellent historical review which has been pub- 
lished by Hiss,  only a few of the more recent papers which have 
a  direct bearing on the questions in hand are referred to. 
The  cultures were all isolated from patients in  the  Sea  Side 
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during the summer of I9o4.  I  acknowledge with great pleasure 
my indebtedness to  the members of the staff for their interest 
and assistance, and to Dr. P. H.  Hiss for many courtesies. 
GENERAL  CLINICAL  FEATURES. 
Of thirty cases from which a dysentery-like  bacillus was isolated,  the dejecta 
in  fourteen  contained  blood,  generally  in  very  small  amount,  merely  a  few 
flecks.  All contained mucus in varying quantity.  One  stool was brown and 
fmcal with only the slightest trace of mucus.  Nearly all the patients had been 
sick from one week to a  month, when they were admitted to the hospital,  and 
as a consequence in many of the cases the isolation of the bacillus was attended 
with  considerable  difficulty.  Successful  isolations,  however,  were  made  in 
about  4o %  of  the  cases  examined  during  the  past  summer.  None  of  the 
patients  were  over  two  years  of  age  and  twelve  were under  one  year.  The 
number of stools was not large,  generally from four to eight a  day.  The tem- 
perature in the large majority of instances was between 980 and io2 ° and never 
ran up above  lO4  ° F. 
Owing to the pressure of other work it was impossible to test with any degree 
of completeness the agglutinating power of the patient's blood.  In eight cases 
out of fifteen there was a  good reaction at  x : 40 with the bacillus isolated.  In 
three instances blood, which agglutinated the dysentery bacillus, was tested on 
several motile  gas-producing  organisms  and  on a  slowly  motile  organism  not 
producing gas,  isolated from the same stool,  but  positive results were not  ob- 
tained in any case.  A number of dried specimens of blood, which were reserved 
for future work,  were found after about two months to hav~ lost entirely all 
clumping  power.  One  specimen  which  agglutinated  the  dysentery  bacillus 
very rapidly at i  : 5 o, when first obtained, was included among those tested at a 
later date.  The  agglutinins for the dysentery bacillus thus  appear to be less 
stable in the patient's blood than in the case of typhoid fever. 
By far the most  interesting case  encountered  was  one of  an infant twenty 
months old from which the true "Shiga-Kruse"  organism was obtained in large 
numbers;  death  occurred  nine  days  after the beginning of the attack.  Fifty- 
eight isolations were tested and all were found to be the non-mannit fermenting 
("Shiga-Kruse")  variety.  On  one  plate  of  about  200  colonies,  55 %  were 
found to be  Bacillus dysenterim  (Shiga).  In view  of the fact that  from only 
~o %  of all the cases reported by the Rockefeller Institute the "Shiga-Kruse" 
type was  recovered,  its  presence  in  such  numbers in  this case is worthy  of 
note.  Nearly  pure  plates  of the  "Flexner-Manila"  type  have been obtained 
by Duval, Wollstein, and others, but in those cases in which the "Shiga-Kruse" 
type  has  been  found  to  be  the  probable  etiological  cause,  the  colonies have 
been comparatively few in number. 
Among the  organisms  isolated  from  this  case  was  a  slowly 
motile one,  clouding slightly the semi-solid medium.  This cul- 
ture  had  all  the  characteristics  of  the  dysentery  bacillus,  re- 
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tions with the blood of a  rabbit immunized to Group I.  Motile 
dysentery bacilli have been noted by Duval as occurring among 
his cultures isolated from infants and, in fact,  motility was one 
of the characteristics  originally given by  Shiga  and  Flexner to 
the dysentery bacillus.  Kruse described his  original culture as 
non-motile and it has been determined within recent years that 
the vast majority of cultures lack motility, although Duval and 
Vedder demonstrated flagella by a  modified staining technique, 
and  Duval  and  Bassett  succeeded  in  developing  motility  by 
special  treatment.  Dunn  has  recently  described  a  motile  and 
probably mannit-splitting culture. 
METHODS. 
The  technique  described  in the recent  Report  of the  Rocke- 
feller  Institute  was  followed  in  its main  essentials.  In  some 
instances  plates  were  made  with  Hiss  medium  alone  or in ad- 
dition  to agar.  Much  greater  success  was  obtained  by  the use 
of  ordinary  slightly  acid  nutrient  agar  than  with  Hiss  plate 
medium.  The  number  of plates  averaged  about  ten to a  case. 
Suspicious  colonies were transplanted  in Hiss  semi-solid medium 
and all motile and gas-producing  organisms  were discarded.  In 
a number  of instances  the production  of gas could  alone be de- 
tected by stirring the medium,  especially in the case of organisms, 
which  were  not  able  to  spread  through  the  jelly.  The  non- 
motile,  non-gas-producing  cultures  were  then  planted  in litmus 
milk and in Hiss litmus-serum  water,  to which  had  been  added 
one  per cent.  of mannit.  Pinally,  twenty-four-hour  broth  cul- 
tures were  tested with an anti-dysenteric  serum  by the hanging- 
drop method,  and where  possible with the blood of the patient. 
BIOCHEMICAL  DIFFERENCES  IN  THE  DYSENTERY  ORGANISMS 
ISOLATED. 
Fermentation Tests.--As indicated  above,  leo  cultures,  which  did  not  split 
lactose,  were selected for thorough tests of their fermentative activity.  Pive 
sugars were employed as follows: the monosaccharid, dextrose; the disaccharids, 
maltose,  saeeharose,  and lactose;  and the polysaccharid,  dextrin.  These were 
added  in the proportion  of  one  per cent.  to the lltmus-serum water  of  Hiss. 
Lactose  was  not  used  in those  cases  where  extended  tests  had  already  been 
made with litmus milk.  It is very important that the serum medium be clear John  O.  Torrey  369 
and sterilized not longer than  ten minutes  at a  time.  The different sugars were 
repeatedly  tested with stock cultures of the dysentery  bacillus whose fermenta- 
tive  reactions  are  well  known.  Merck's  highly  pure  maltose  was  used.  The 
criterion  for  all the  sugars, however,  was their reaction  with well-known  stock 
cultures and  not the name  of the  manufacturer.  The  cultures were incubated 
at  37 °  and  were  observed  at  intervals  of  two  or  three  days  for  two  weeks. 
Where  it was deemed  advisable they  were kept  under  observation  for a  month. 
Before being tested  each culture was subjected  to  a  preliminary  cultivation  in 
broth  or  on  agar for  a  few days.  All of the  principal  types  and  varieties  dis- 
closed by the  first test were  retested  after  being  "standardized,"  according  to 
the  treatment  suggested  by  Fuller  and  Johnson,  i. e.,  three  days'  growth  in 
broth, three days' on gelatine plates, and three days' on agar.  In order to avoid 
making  further  artificial  groups,  all  cultures  which  split  four  sugars  were 
classified  under  Group  IV,  although  the  distinguishing  characteristic  of  this 
group,  as  given by  Hiss,  is the  splitting  of five  sugars.  This  plan  of putting 
the more active fermenters together in one group has been followed in a  number 
of recent  articles.  The  classification in the  following table  is based on a  four- 
or five-day test, since, as has been pointed  out by  Hiss ('o4),  the fermentative 
differences between  the several groups are best observed  at this time. 
TABLE  I. 
Fermentation Tests. 
9  R & C  ......  Group I 
I° ~ 9  R&C  R&C  I~  --  --  Grouplll 
2  I  x R&C  R&C  R  R  --  --  Group IV 
S  I  R&C  R&C  .....  Group II 
9  R&C  R&C  --  1~.  Grouplll I 
4  z3  --  '  ' 
4  R&C  R&C  R&C  P  --  R  Group IV I 
S  I6  R&C  R&C  --  R  --  --  Grouplll! 
----I 
6  3  R&C  1R&C  --  R  --  --  Grouplll 
~8  3  _R&C  R&C  Group II 
x  R&C  R&C  Group II 
4  '--  --  Group I 
R &  C  Group I  I 
xl  z  R&C  R&C  R  R  --  --  Group IV 
'  I 
IX  3  R & C  R&  C  Group II 
4  R&C  R&C  --  R  --  --  GrouplI] 
2  R&C  R&C  R&CIRI--  P  GrouplW 
13  xo  2  R&C  R&C  --  IR'--  P  GrouplV 
I  R&C  R&C  R&C  R  --  --  Group IV 
I  R&C  R&C  --  GrouplI 
z4  ~  R&C  R&C  --  R  GroupIll 
zS  9  R&C  R&C  Group II 
x6  3  R&C  R&C  Group II 
x7  4  R&C  R&C[  P  R  --  --  Group IV 
I8  :  R&C  R&CI  Group II 
I9  i  R&C  R&(  Group II 
20  •  R&C  R&C  Group II 
2z  i  R&C  R&C  --  [-~J~-  Group ll- 
2~ I  I  R&C  R&C  --~--.--  GrouplI 
R  & C stands for reddening and coagulation of the medium, 
R  ....  reddening of the medium, no coagulation. 
P  ....  slight evidence of acidity. 870  Dysentery and Dysentery-Like Organisms 
The foregoing table shows that after four days' growth in the 
various sugars at 37 ° C., the cases may be divided as follows: 
Group I ...............................  3 cases 
Group II  ...............................  i i  cases 
Group III  ...............................  7 cases 
Group IV  ..............................  4 cases 
Especially noteworthy is the fact that in only two cases were 
cultures obtained which acted on dextrin within four days, being 
thus  in  accordance with the  Group  IV  of  Hiss.  The  dextrin, 
and in faet all the sugars,  as has already been stated, were re- 
peatedly  tested  with  the  well-known  cultures,  "Baltimore," 
"Y,"  and  "Kruse,"  the  results  corresponding  entirely  with 
those obtained by other investigators.  Organisms belonging to 
Group  III  always  produce  acid  early  and  quite  strongly  in 
saccharose and attack maltose, if at all, only after several weeks' 
cultivation.  Cultures from two of the cases acted very strongly 
on saceharose, in a  few instances reddening and coagulating the 
medium in four days. 
Only two other attempts have been made to classify in three 
or more groups the cultures obtained from a series of cases.  The 
recently published results  of Weaver and Tunnicliff correspond 
quite closely with my own, although they encountered no cases 
belonging in  Group  I.  Eleven of their cases yielded bacilli  of 
the  "Flexner-Harris"  type  and  seventeen  of  the  "Y"  type. 
They used the classification of  Park  into three groups,  organ- 
isms  fermenting three sugars  being put  in  Group  II.  From a 
study of their table it  seems probable  that,  according to  Hiss' 
classification,  their cases might be  arranged as  follows:  ten in 
Group II, seven in Group  III, and eleven in Group IV.  Of the 
Group IV cultures, only two react on the sugars exactly like the 
"Flexner-Harris" bacillus.  Some  do  not  split  maltose,  others 
have no effect on dextrin,  and still  others none on saccharose. 
They  obtained  entirely  typical  results  in  testing  their  media 
with the stock cultures "Y"  and "Flexner-Harris."  According 
to  Dural  and  Schorer,  the  "Flexner-Harris"  type  far  out- 
numbers the "Y."  Using dextrin alone as a  means of differen- John C.  Torrey  371 
tiation,  they  found  that  fifty-five  cases  of  summer  diarrhoea 
were due to infection with the "Plexner-Harris"  type  (in eleven 
instances  associated  with  "Y"),  one  to "Y"  alone,  and  eleven 
to "Shiga-Kruse"  type  alone.  It may  be said,  however,  that 
dextrins of various makes  differ very much  in quality, sometimes 
being little better than dextrose. 
The  nearest  approach,  in my  series,  to a  mixed  infection  is 
found  in Cases  2, 4, and  13-  In Case 2, nine  cultures  produced 
the typical reaction of Group  III and one the  reaction  of Group 
IV.  Again,  in Case  4  we  find the  same  combination,  nine  be- 
longing  in Group  III  and  four  in  Group  IV.  Apparently  in 
Case  13  we  have  representatives  of  Groups  II,  III,  and  IV. 
The  culture,  however,  which  after a  four-day  test belonged  in 
Group  II, had  after seven  days  reddened  saccharose,  and  thus, 
if the time limit had been  placed a few days later, it must  have 
been  placed  in  Group  IV.  Weaver  and  Tunnicliff  similarly 
found  only  two  cases  in  which  organisms  from  two  or  more 
groups  were  associated;  in one there were  bacilli  of Groups  II 
and  III and in the other  of Groups  III and  IV.  Furthermore, 
in making  test with  immune  sera for agglutinins,  I found  that 
dysentery  organisms  from  the same  case have  similar receptors, 
and in spite of slight differences in the power  of splitting sugars 
are  fundamentally  identical  organisms.  That  we  may  find 
mixed  infections  with  the  two  main  divisions--the  "Shiga- 
Kruse"  and  the  "Flexner-Manila"--has  been  proven,  as  has 
already  been  remarked,  by  Duval  and  Gay  in adult  cases  and 
by  Duval  and  Schorer  in infantile  cases.  The  fact  that  they 
have  been  reported  by  no  other  investigators  indicates  that 
either they must  be very rare or that too few organisms  have as 
a rule been isolated and tested from  the cases. 
Case  17 is of peculiar interest in this connection.  When  first 
tested in the sugars about two months  after isolation, one of the 
cultures  apparently  belonged  to  Group  I as it  acted  only  on 
dextrose,  while the other three gave  the reactions  of Group  llI. 
This  was  still the  case  after thirty  days  of growth.  The  first 
culture was transplanted  a number  of times on agar and retested 
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of this organism was taken on agar from the mannit tube and then 
replanted in mannit the medium was reddened and coagulated. 
Although there is no doubt about the correctness of the observa- 
tions  of Dural and Gay,  since their results were controlled by 
agglutination experiments, still the result given above is certainly 
suggestive of a  possibility  of error of interpretation in  the  de- 
termination of mixed infections. 
Reactions in Litmus Milk.--The reaction of the dysentery bacillus in litmus 
milk is  of great importance  in its identification  and  has  been  repeatedly  de- 
scribed.  When first  isolated, the  different  groups  act  on  the  medium  in  an 
almost  identical  manner.  After  the  initial  acidity  there  is  in  a  few  days  a 
return  to  the  amphoteric  and  finally to  a  decided  alkaline  reaction.  Under 
cultivation,  however,  considerable  differences  in  the  reaction  arise,  which  is 
merely another  instance  of the variable  and  unstable  nature  of the  group  of 
mannit fermenters.  Group II turned to alkalinity in three or four days, whereas 
Group  IV  ("Baltimore")  did not reach the same  stage until  seven  to  eleven 
days.  Both  produced  a  marked  alkalinity  in  eleven  to  eighteen  days.  A 
number of organisms,  however, which in their fermentative reactions belong to 
Group  II  or  III,  to  the  latter  especially,  do  not  change  the  reaction  of  the 
medium at all even during  thirty days' growth.  Several cultures belonging in 
Group I, which when first isolated were entirely typical in their effect on litmus 
milk,  did  not  produce,  about  six  months  later,  a  marked  alkaline  reaction. 
After returning  to  amphoteric  there  was  no  change  to  alkalinity,  but  if any- 
thing  the  medium  appeared  slightly more  acid  than  the  control  after three 
weeks' growth. 
Reaction of Indol.--In the production of indol we find great variation.  Group 
IV produces it most strongly,  Group  III may or may not  produce  it, and  the 
same may be said of Group II.  Group I never produces it.  As a more vigorous 
growth  resulted  in  peptone-serum water  than  in  Dunham's  peptone solution, 
this  medium  was largely  used.  The  cultures  which  split  maltose  vigorously 
generally produce  indol,  as  has  been noted  by  Hiss and  Park.  It was  found 
that  by transplanting  in the  medium  at intervals of three  days,  an  organism 
might be induced to produce indol quite strongly which at the first test either 
did not  produce  it  at  all  or  very weakly.  This  was  especially true  of  "Y." 
The strongest production of indol was always at the third transplantation.  At 
the fourth there was  considerable  weakening, and  by the  fifth or sixth trans- 
plantation most of the organisms had died out.  Peekham has also found that 
any typhoid culture may be induced to give rise to  indol, the  greatest  produc- 
tion taking place at the seventh day of the second planting.  At the best the 
production  of indol is  a  variable  characteristic;  one  of two  cultures,  exactly 
alike  in  their  fermentative  activities,  produces  it,  while  the  other  does  not. 
Cultures,  too,  from  the  same  case  may  produce  indol  in  a  different  degree 
regardless  of the  presence  or not  of slight  fermentative  differences,  although 
they all agglutinate alike.  Other instances showing the unstable and variable 
tendencies of the mannit-fermenting bacilli might be given. John  C.  Torrey  373 
Artificial  Varieties.--A  number  of  attempts  were  made  to 
change the  fermentative character of  the  various  groups  with 
indifferent success.  It was found that the power to split maltose 
could  be  greatly increased by  cultivating  the  organism  alter- 
nately anaSrobically and  a~robically.  This was  especially the 
case  with  "Kruse."  A  culture  was  finally  obtained  which 
reddened  and  coagulated  maltose-litmus-serum  water  in  two 
or three days.  This  "acquired" character persisted with each 
transplantation.  The  action  of  "Baltimore"  on  lactose  and 
"Y"  on maltose was also increased by this treatment.  In spite 
of many attempts,  however, the culture "Kruse" could not be 
induced to act on mannit, although, as we have seen, a  member 
of Group III may lose  its  power to split mannit.  Weaver and 
Tunnicliff have noted a  variability of the same organism in the 
fermentation of sugars--some gained and a  few lost under culti- 
vation.  They think  that  the  reaction on  saccharose, maltose, 
and  dextrin  is  not  constant,  but  may  vary  according to  the 
conditions under which the organisms have been growing.  By 
plating  out  a  culture  and  then  comparing  the  fermentative 
power  of  the  colonies  with  that  of  the  original  culture,  Hiss 
found often a  marked increase in the cultures obtained from the 
plates.  The writer also  observed that  after subjecting several 
colonies  to  a  three  days'  growth  on  gelatine  plates,  then  in 
broth,  and  finally on  agar,  there  might  be  change  in the fer- 
mentative power.  Out  of fifteen cultures so  treated there was 
an  increase in  five,  a  decrease in  six,  and  no  change in  four. 
The only variations were in regard to maltose, dextrin, and sac- 
charose.  The  most  plausible  explanation seemed  to  be  that, 
especially among cultures  splitting  three  or  four sugars,  there 
are variants either in the direction of Group II or Group IV, and 
the result obtained depended on the colony that was selected for 
the test.  This conclusion was further strengthened by the fact that 
in transplanting from one culture into several tubes of the same 
lot of medium there might be slight differences in the degree of 
fermentation.  The increased action of "Kruse" on maltose, and 
especially the permanence of this increase, may be explained by 
this hypothesis, for under anaerobic conditions those individuals 374  Dysentery and Dysentery-Like Organisms 
which could obtain their oxygen by the splitting of maltose would 
soon crowd out their less fortunate competitors, and the culture 
would tend to become purely maltose fermenters• 
AGGLUTINATIONS• 
Normal Rabbit Serum.--It  has been shown by Park,  Bergey, and others that 
the normal serum of the horse and even that of smaller animals possess a  con- 
siderable amount  of normal  agglutinin  for  dysentery bacilli.  In  testing the 
blood of seven normal rabbits, I  found that the strain  "Baltimore"  clumped 
with all  in dilutions of from i : 4o  to i : 200.  This indicates, of course, a  pos- 
sibility of error in results that have been based on dilutions of immune serum 
lower than i : 2oo.  It will be seen in the following table that "Y"  reacted with 
none of the normal seramthat is, in dilutions as low as  i : i o  or i : 2o.  Another 
organism (Case 7), whose fermentation reactions place it in the "Y"  group (II), 
reacted in about the same dilutions as "Baltimore"  (Group IV) ;  but it will be 
shown in a  subsequent table that this culture agglutinates with immune sera 
almost exactly like  "Baltimore" and is nearly related to that organism.  Cul- 
tures belonging in Groups I  and III, that were tested, did not react with any 
of the normal rabbit sera. 
TABLE  II. 
Normal  Rabbit  Sera. 
CULTURES  : 
Group I  "Kruse".  ... 
Group ii "Y" 
Group IIi Case 7 
Group III, Case 2  ......... 
Group IV, Case 4 ..... 
Group IV "BAltimore"... 
Rabbit  Rabbit 
I.  II. 
o  o 
O  O 
..  20 
O  O 
40  .. 
40  40 
Rabbit 
III. 
0 
0 
I00 
Rabbit  Rabbit  Rabbit 
IV.  V.  VI. 
O  O  .. 
O  O  O 
4 °  o  ., 
0  0  0 
40  4 °  .  . 
40  4 °  200 
Rabbit 
VII. 
O 
O 
O 
o 
IOO 
Immune Rabbit Serum.--Rabbits  were immunized to representatives of each 
of  the  four  groups.  For  these  experiments eight  animals  were  used•  The 
inoculations  were  given  first  subcutaneously  and  then  intraperitoneally. 
Twenty-four-hour agar cultures suspended in normal salt solution were always 
employed.  To  some of the rabbits cultures heated to  62 °  C.  for a  half hour 
were given at first, and after they had received four whole cultures extending 
over  a  period  of  about  four  weeks the  blood  was  drawn  and  tested•  Four 
living cultures were then given and the blood was tested again.  As controls, 
living  cultures  were  given  from  the  start  to  three  rabbits•  A  comparison John C.  Torrey  375 
shows that the chief, specific or major aggiutinins  run higher with inoculations 
of living cultures than with heated ones, but that the common or minor agglu- 
tinins are present in practically the same degree in bOth.  There is, accordingly, 
a  greater difference between the major and minor agglutinins with the living 
than with the heated culture inoculations.  The serum of a  rabbit to which 
heated  and  then living cultures were  given clumped the  various groups  in 
almost an identical manner with that  of  a  rabbit which had received living 
cultures from the first.  None of the rabbits died and only the one immunized 
to Group I showed any signs of sickness.  This rabbit after the first subcutane- 
ous injection of  one-fiftieth of  a  heated  agar culture became very sick, lost 
weight rapidly,  and  suffered a  partial  paralysis of  the  posterior extremities. 
After complete recovery had taken place, however, the second and larger dose 
produced no sickness, and soon whole living cultures could be given intraperi- 
toneally without untoward results.  The care, the feeding, and the time of the 
year have a great deal to do with the resistance of rabbits to inoculations with 
dysentery bacilli, fall  and winter being far more  favorable than spring and 
summer. 
In testing the sera, both formalized and fresh emulsions in normal salt solu- 
tion of twenty-four-hour agar cultures were used.  It was found that there was 
n6 appreciable difference in the reactions of the two, as far as the relation of the 
major to the minor agglutinins was concerned.  As formalized emulsions can 
be kept in consider.able quantity and one can be sure that the dilutions are 
always to the same degree,  they are more satisfactory and safer than living 
emulsions.  Accordingly, they were largely employed in the  following experi- 
ments.  On account of the  normal agglutinins present in rabbits' blood the 
dilutions were always above ~  : ioo.  In the tests, i c.c. of culture emulsio~ was 
added to  x c.c.  of the diluted serum in a  small test-tube.  These tubes were 
placed in the incubator for three hours and then left at room temperature until 
the following day.  Readings were made with the aid of a hand lens at the end 
of one, two, three, and twenty-four hours.  When, at the end of twenty-four 
hours there was a decided deposit in the tube and the clumps in suspension were 
large enough to he seen with the unaided eye, the reaction was called positive. 
In  a  recent  paper  by  Park  and  Collins, the  relation of specific 
to common  agglutinins has been discussed.  They  find that  dur- 
ing the first two weeks the specific agglutinins are practically the 
only  ones  present,  but  after  three  or  four  weeks  the  common 
agglutinins  begin  to  increase in quantity  and  may  almost  equal 
the  specific in amount.  Obviously  it  is  important  to  bear  this 
variation  in mind  in making  a  comparative  study  of  agglutina- 
tion,  and  the  serum  tested  should  be  drawn  from  the  several 
rabbits  after  the  same  length  of time  has  elapsed and  the  same 
amount  of culture  has been  given.  The  figures in the foregoing 
table are compounded  from a  large number  of tests and,  I  think, 876  Dysentery and Dysentery-Like Organisms 
TABLE  III. 
Immune  Sera. 
Cultures.  '  ~  ~  "~m  ~ 
~.~  ~ o ~ 
Croup  I "Kruse."  ..........  xo ooo  o  o  o  )  o 
Homo- 
Group  I, Case x  ............. logous  o  o  200  o  o  o 
io,  ooo 
Group  I, Case 1-17, motile.., i 2,000  o  o  o  o 
Group  I,  Case  9 ............  Io,  ooo  o  o  2oo  o 
Group I, Case IO ...........  xo,0oo  o  o  2oo-- 
~roup  II  "Y"  ......  Homo- 
o  ]ogous  o  I,  000  0  200 
6,000 
.~roup II, Case  i6 ...........  O  ] 12,OOO  O  I,OO0  O  200 
I 
3roup n. Case  7 ............  50o  I  2,ooo  io, ooo  15,ooo  5oo  i,ooo 
......  I 
~roup II,  Case  a ......  xoo  2oo  400  i,o0o  s,ooo  ~oo 
~roup  II, Case 122  ....  500  200  500  2,000  1,000  0 
O 
O 
~O 
~cO 
O 
O 
O 
o 
o 
Group  III, Case  2 .... 
Group  III,  Case  14  .......... 
Group  III,  Case  5-. 
200 
0 
IO0 
Sorrlo- 
o  logous  1,ooo  500 
8)ooo 
12,000  500  I.O00  200 
200  500  2,000  4,000 
O  O 
IOO  .  ,  . 
Group  IV,  Case  I7 ..........  ~ioo 
Group  IV  "Baltimore  "  ....  o11  [500 
Group  IV,  Case  4 ........... 
Group  IV,  Case  13 ..........  ____ 
Group  IV,  Case  11 ......... 
I,OO0 
2,000 
IO0 
SO0 
O 
2,000  25,ooo 
{omo. 
I,O00  ogou~ 
[5,ooc 
500  i,ooo 
[o,ooo  2,000 
io,ooo  i,ooo 
__4o0 [ oo  ( o_____ 
i,ooo  i,ooo  flOG 
i-~V-~o  o  ~  TT7 
- ooL  o  i::: 
0 
IO0 
IO0 
O 
O 
I 
Typhosus  B ............... 
o  /  200  200 
Paratyph,  B ...............  ioo  m  2oo  o 
Cell  B .....................  ioo  xoo 
I 
200 
IO0 
200 
Homo- 
IO0  logous 
40,000 
I00  IOO 
IOO  200 
i,ooo 
Homo- 
logous 
4o,oo0 
o 
o 
Homo 
logou~ 
ioo, o¢ John  C.  Torrey  377 
represent  the true relative agglutinative power in each ease. 
With  the exception  of  the  Group  I rabbit,  the relation  of the 
specific or major  to the common  or minor  aggiutinins  remained 
practically  the  same  from  six  to  twelve  weeks,  or until  nine 
cultures  had  been  given.  The  rabbit  immunized  to Group  I, 
however,  lost  nearly  all  of  the minor  agglutinins  during  that 
period. 
A  glance  at  Table  III  shows  clearly that  the  "mannit-fer- 
reenters"  differ markedly  in the way  in which  they agglutinate 
with the various  sera.  This may  be the case even with cultures 
which  act on the various sugars in an identical manner.  Taking 
as an example  Case  7, Group  II, we  see that it agglutinates  in a 
manner  very  similar  to that  of "Baltimore"  Group  IV.  The 
same  may  be said of Case  17, Group  IV, which  does  not  split 
dextrin.  Again,  Case  3,  Group  II;  Case  5,  Group  III;  and 
Case  4,  Group  IV,  react  with  the various  sera  in  practically 
an  identical  manner.  This  indicates  that  many  intermediate 
forms  exist between  the various  groups,  and  also that from  the 
fermentative  activities one cannot  infer the agglutinative  activi- 
ties  of  a  "mannit-fermenter."  Case  2, Group  III,  and  Case 
4,  Group  IV,  although  their  sugar-splitting  powers  are  quite 
similar, raised agglutinins  which were entirely different from one 
another,  and  also different  from  any  that  have  been  described 
heretofore.  In Case  14 we  evidently  have  an erratic  organism 
identical  with  the  "Ferra"  culture  described  by  Hiss.  It be- 
longs in Group  III, if the splitting of sugar be taken as a criterion 
of species, but it agglutinates  in practically an identical manner 
with  "Y."  Case  1-17, Group  I, was  motile when  first isolated. 
It will be seen by  the table that it is a poor  agglutinator,  and 
clumps  only  with  Group  I serum.  Another  poor  agglutinator 
is Case  12, Group  II; the limit of reaction is so low with all the 
sera that only absorption  experiments  can indicate  which  holds 
its specific aggiutinins.  This organism  was  subcultured  a num- 
ber of times without increasing its agglutinability.  In Case  i i, 
Group IV, we have a  culture which agglutinates very well with 
its specific serum (Group III), but very poorly or not at all with 
the other sera.  Several cultures from Case 2, although differing 378  Dysentery and Dysentery-Like Organisms 
slightly in their fermentative powers, agglutinated alike, and the 
same was true of cultures from Case  4  and Case  13.  Typhoid 
serum  of  a  high  titer  agglutinated  cultures  similar  to  "Balti- 
more"  as  high  as  i :2ooo  and  "Y"  up  to  i :5oo, as  has been 
shown by Hiss.  Groups  I  and  III  did  not  react with  typhoid 
serum above  ~:~oo.  Paratyphoid and  colon bacilli  evidently 
raise fewer common agglutinins for dysentery bacilli  than does 
the typhoid bacillus.  Various dysenteric sera contained few or 
no agglutinins for typhoid, paratyphoid, and colon bacilli.  What- 
ever ones were present may probably be  considered normal to 
rabbits'  blood. 
Absorptions.--Agglutination of bacteria in high dilutions of a  serum does not 
necessarily indicate specific relationship, but the ability to absorb all or a  large 
part of the specific or major agglutinins from such a  serum is regarded as the 
true test of relationship.  The following absorptions are  selected from a  con- 
siderable number, which were undertaken with the idea of finding the relation- 
ship  of  some of the  "erratic"  organisms to  the  various groups of  dysentery 
bacilli.  The technique described by  Hiss was followed in its main essentials. 
No tests were made below  i:2oo for reasons which have already been stated. 
Absorptions of all the sera with the culture Case 7,  Group II, 
gave some interesting results. 
GROUP  I SERUM  ABSORBED  WITH  CULTURE  GROUP  II, CASE  7' 
Group 
Cultures. 
1,  Case  I  .................... 
If,  "  7 ................... 
III,  "  2 ................... 
Baltimore  .............  IV  ..... 
After absorption. 
IOpOOO 
O 
O 
200 
Before absorption. 
IO~O00 
200 
200 
5oo 
None of the major agglutinins were taken out, but part of the 
minor agglutinins for "Baltimore" and all  for  Group  III were 
removed.  This  absorption  indicates  that  there  is  no  specific 
relationship  between  this  culture  and  Group  I,  but  that  the 
minor  agglutinins  which  cause  its  agglutination  in  Group  I 
serum also are concerned with that of Group III cultures, and in 
part with that of Group IV cultures. John  C.  Torrey  879 
GROUP  II  ~'Y"  SERUM  ABSORBED  WITH  CULTURE  GROUP  II,  CASE  7" 
Cultures.  After absorption.  Before absorption. 
Group  I, Case  I  .................. 
II,  "  7 .................. 
"  II  "Y".  ................... 
"  II,  Case  3 .................. 
"  III,  "  17 .................. 
"  IV,  "  I3 .................. 
"  IV  "Baltimore".  ............ 
0 
0 
6,000 
0 
o 
0 
200 
0 
2~000 
6,000 
200 
I,O00 
200 
2,000 
None of the major agglutinins were removed, but nearly all the 
minor,  all for Cases  3,  17,  and  x  3,  and a  large part of those for 
"Baltimore." 
GROUP  III,  CASE  2,  SERUM  ABSORBED WITH  CULTURE  GROUP  II,  CASE  7" 
Cultures.  After  absorption.  Before absorption. 
Group  II,  Case  7 
"  III,  2 
"  II  "Y".  ................... 
"  IV  "Baltimore".  ............ 
"  IV,  Case  x 7 .................. 
0 
2,000 
0 
0 
5,000 
2,000 
8,000 
o 
I,O00 
IOpO00 
The major agglutinins are considerably reduced in amount and 
the minor are entirely removed. 
GROUP  IV  "BALTIMORE  "  SERUM  ABSORBED  WITH  CULTURE  GROUP  II,  CASE  7" 
Group 
*, 
Cultures.  After absorption.  Before absorption. 
II,  Case  7 ....................  o 
IV  "Baltimore".  .............  5oo 
IV,  Case  i7 ...................  o 
II  "Y"...  ..................  o 
III'Ca'se4::::::IV,  ::::::::::::::l  o° 
I~,O00 
I  ~,  000 
I5,000 
I,O00 
1,000 
1,000 
The  major  agglutinins  were  very  much  reduced  in  quantity 
and  all  the  minor were removed.  It  took no  less  than  twenty 380  Dysentery and Dysentery-Like Organisms 
agar cultures to remove the agglutinins from ½  c.c. of serum used 
in the last experiment. 
From the  above  absorption  experiments it  is  clear that  the 
culture Case  7,  Group II, bears no specific relationship as far as 
agglutination is  concerned to "Y "  Group  II, as it absorbs none 
of the major agglutinins of "Y"  serum.  It reduces very largely 
the  major  aggiutinins  of  Group  IV  "Baltimore"  serum,  and 
also to a  considerable extent those of Group III, Case 2, serum. 
From every serum it takes out all the minor agglutinins.  This 
is,  then, a  very generalized organism.  It possesses some of the 
characteristics  of  all  the  "mannit-fermenters,"  but  is  most 
nearly related to Group IV. 
In showing that organisms, acting in a different manner on the 
various  sugars,  may have  an  agglutinable  substance  which  is 
identical, the following experiments are instructive: 
GROUP  IV~  CASE  4~  SERUM  ABSORBED  WITH  CULTURE  GROUP  IIl,  CASE  5" 
Cultures.  Before absorption. 
Group III, Case 5 ................... 
'  IV,  "  4 ................... 
IV  Baltimore  ...............  . 
"  II,  Case  3  ................... 
"  If,  "  7  ................... 
After abs~ption. 
O 
O 
O 
4,000 
4,OOO 
I,OOO 
3,000 
5oo 
SAME  SERUM  AS ABOVE  ABSORBED  WITH  CULTURE  GROUP  II, CASE 3' 
Cultures. 
Group  II,  Case  3  .................... 
"  IV,  "  4  .................... 
"  Ill,  "  5  .................... 
"  IV  "Baltimore"  .  .............. 
After absorption.  Before absorption. 
3,000 
4,000 
50O 
I,OOO 
All the major and minor agglutinins are removed,  accordingly 
organisms  belonging  to the three groups  of mannit-fermenters 
may  have identical agglutinable substances. 
The following absorption  shows  that Case  4, Group  IV, and John  C.  Torrey  381 
"Baltimore"  Group  IV  are  entirely  distinct  agglutinating 
species. 
GROUP  IV~ CASE 4,  SERUM  ABSORBED  WITH  CULTURE  GROUP  IV ~*BALTIMORE.  '~ 
Cultures. 
Group  IV  "Baltimore".  .............. 
IV,  Case  4  .................... 
"  II,  "  3  .................... 
"  III,  "  5  .................... 
After absorption. 
0 
4,000 
~,000 
4,000 
Before absorption. 
I,O00 
4,000 
3,000 
4,000 
The culture  "Baltimore"  affects  neither the major nor minor 
agglutinins  of  Group  IV,  Case  4.  Active  fermenters  of  the 
dysentery  group may,  accordingly,  bear  no  relationship  to  one 
another as far as agglutination is concerned. 
That there is sometimes  a  partial  relationship between mem- 
bers of Group IV is shown by the following absorption: 
GROUP  IV ~'BALTIMORE '~ SERUM  ABSORBED  WITH  CULTURE  GROUP  IV, CASE 13. 
Cultures.  After absorption.  Before absorption. 
Group  IV, Case  13 .................. 
"  IV  "Baltimore".  ............. 
"  III,  Case  17 .................. 
"  IV,  "  4  .................. 
"  II,  "  7  .................. 
"  II  "Y".  .................... 
O 
5~000 
2,000 
200 
5,000 
200 
2,000 
I5,000 
15,000 
I  tO00 
15,OOO 
I,OOO 
In all instances where the fermentation  and agglutinative  re- 
actions  did  not  correspond,  the  cultures  were  retested  in  the 
sugars  after  the  preliminary  cultivation  that  has  been  de- 
scribed  hitherto.  In  the  instance  of  Case  7,  Group  II,  which 
simulates  so  closely  the  agglutinations  of  "Baltimore  "  Group 
IV,  this was  done twice,  but  the bacillus never split any sugars 
other than dextrose  and the alcohol mannit.  It seems  evident, 
then,  that  organisms  which  manifest  identical  physiological 
activities  may have a quite different receptor apparatus,  and, on 
the  other  hand,  that  organisms  with  identical  receptors  may 
act  differently  on  the  various  sugars.  There  is  no  necessary 382  Dysentery and Dysentery-Like Organisms 
connection between the  two.  Durham has  found the  same to 
be true in the  B. coli group.  Exactly similar cultures failed to 
interagglutinate, whereas one culture which failed to ferment sac- 
charose interagglutinated in very high dilutions with one which 
fermented that sugar.  We know now, however, that absorption 
is  the only reliable criterion of specificity.  Weaver, Tunnicliff, 
and Heineman have recently published some peculiar results as 
far as the agglutination of a  series of dysentery cultures is con- 
cerned.  Their results are,  I  think, to be ascribed largely to the 
fact that  the  titer  of their various  serums was  very low,  only 
i : 200, and that they used broth cultures for inoculations.  Park 
and Collins have recently shown that broth alone may give rise 
to agglutinins for maltose-fermenting organisms of the dysentery 
group.  That fact taken in connection  with the normal agglutinins 
present in rabbits accounts, I think, for the lack of harmony be- 
tween their  results  and  those  recently published  by  Hiss  and 
Park,  and  also  my own.  Heineman and  his  associates  found 
that  several  cultures  agglutinated  with  their  Group  I  serum 
alone.  It  is  well  known,  however,  that  Group  I  serum  ag- 
glutinates the mannit fermenters, if at all, in low dilutions, and 
that the major agglutinins take  no  part in  this  reaction.  The 
agglutination  of  "Y"  itself  in  the  Flexner  serum  is  entirely 
different from what has been described by Hiss  and Park.  Al- 
though "erratic" organisms do occur, they are not so numerous 
as we would be led to  conclude from their tables.  I  have not 
found the statement of Park and Carey to hold, that all dysentery 
organisms  producing  indol  in  large  amount  and  fermenting 
mannit  agglutinate  alike,  for  many representatives of  Groups 
III  and  IV,  which  produce  indol  strongly, may have  little  in 
common in their agglutination. 
GENERAL  CONCLUSIONS. 
The group of dysentery organisms is  a  large and varied one. 
It may be divided, as is well known, into two main sub-groups, 
the "Shiga-Kruse" and the "mannit-fermenters," which are of 
equal  importance  and  entirely  distinct.  If  we  take  decided 
differences in agglutination, as determined by absorptions,  as a John  C.  Torrey  383 
criterion  of  specificity,  the  latter  group  includes  at  least  four 
distinct  species  with  a  number  of  sub-varieties  and  transition 
forms.  Two  of  the above  species  are  found  among organisms 
which split  either dextrose, mannit, and  saccharose or in addi- 
tion  maltose.  The  other  two  species  are  represented  by  the 
bacillus  "Y"  of  Hiss  and  Russell  and  the  "Flexner-Manila" 
bacillus.  If we adopt Ford's proposal, that a new species should 
be  made  for  each  culture  showing  a  constant  cultural  or  ag- 
glutinative difference, the  number would increase considerably. 
At the best, however, classification of bacteria is at present very 
artificial.  Although so many types appear among the "mannit- 
fermenters," there is  no reason why they should not all be in- 
cluded in  the  dysentery group of bacilli,  provided the reaction 
in  litmus  milk  be  typical.  This  cultural  test,  as  Duval  has 
emphasized, is the most constant one which we have at present, 
but  it  should  extend  over  several  weeks  in  order  to  exclude 
lactose fermenters. 
In  contradistinction  to  the  heterogeneity of  the  "mannit- 
fermenters," the homogeneity of the "Shiga-Kruse" type stands 
in  marked  contrast.  Every  culture  of  the  latter  which .was 
tested (about twenty in all) reacted in all media and agglutinated 
with all the various sera exactly alike.  One is tempted to ex- 
plain this diversity of the "mannit-fermenters" by accepting the 
suggestion of Flexner, that they may be  occasional, if not  con- 
stant, inhabitants of the normal intestine.  Certainly Duval has 
isolated  the  "mannit-fermenters"  from  the  mildest  cases  of 
diarrhoea, to say nothing of the two apparently normal infants 
from which  he  also  obtained  them.  Furthermore,  the  agglu- 
tinins for the mannit group in normal blood might be accounted 
for  on  this  hypothesis,  as  well as  the  many differences in  fer- 
mentation  and  agglutination.  For,  as  has  been well  said by 
Smith and Reagh, one "should keep in mind the various adapta- 
tions  in  the  intestine--it  may be  to  the  food  remains  in  the 
large intestine, to the mucus on the surface of the epithelium, to 
the contents of the tubules and the larger flask-shaped glands," 
and  further,  "with  this  progressive  adaptation  are  associated 
modifications of biological characters which most likely involve 384  Dysentery and D~sentery-Li]ce Organisms 
agglutinative  capacities  as  well."  The  fact  that  dysentery 
bacilli have not been isolated frequently from the normal intestine 
might be  explained by  their  habitat  being possibly within the 
mucus  tubules  and  their  number few  under  normal  condition, 
for it is well known that they are most frequently found in asso- 
ciation with mucus.  When abnormal conditions, however, arise 
and  the production of mucus increases,  these  organisms would 
possibly multiply in number pari passu and find themselves in a 
favorable position to attack any slight injury which might occur 
in the wall of the intestine. 
The  "Shiga-Kruse,"  or  Group  I,  type,  on  the  other  hand, 
seems to present the characters of a  true parasite.  Only an in- 
significant amount of agglutinin is present for it in normal human 
blood and that of laboratory animals, according to most authori- 
ties;  it agglutinates alike in various immune sera;  it has a very 
marked  toxicity  for  laboratory  animals;  it  has  never  been 
isolated from the normal human intestine, although an organism 
in some respects like it has been described by Ford as being an 
inhabitant  of  the  normal  intestine;  it  produces  no  indol;  it 
splits  only  the  monosaccharids,  through  which  it  falls  in  line 
with the conclusion of Smith and Reagh, that the less a bacillus 
acts  on  sugars  the  more pronounced is  its  parasitic  character. 
Whether or not it ever invades the blood in numbers is a question 
yet to be decided. 
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